A right-handed stop not much heavier or even lighter than the Z boson has today desirable phenomenological consequences. We study how it can result within the usual radiative scenario of electroweak symmetry breaking. A restriction on the gaugino mass parameters, M 2 < ∼ 0.3m 10 , arises if soft terms satisfy relations suggested by unification theories. Moreover, requiring to get a light stop without unnatural finetunings below the per-cent level, we obtain another more interesting upper bound on the chargino mass, M χ < ∼ M Z , and we derive interesting conclusions about the masses of the gluino, M 3 ∼ (150 ÷ 300) GeV, of the heavy stop, MT ∼ (250 ÷ 500) GeV, and of the left/right mixing angle in the stop sector, |θt| < ∼ 0.3.
1 There are today independent phenomenological indications that suggest the presence of a light, mostly right-handed, stop state with mass around the Zpole.
To begin, it has recently pointed out in [1] , that the electroweak phase transition can be sufficiently strongly first order (so that the observed baryon asymmetry can be generated during the electroweak phase transition) for acceptable values of the higgs mass if a stop state is light, or, more exactly, if its soft mass term is sufficiently small, |m
Moreover, a mostly right-handed stop with mass Mt < ∼ 100 GeV, together with a similarly light chargino, mediates supersymmetric corrections to the electroweak precision observables that explain the discrepancy between the measured value of the Z → bb width and its Standard Model (SM) prediction without affecting the other (successful) SM-predictions [2] . The consequent decrease of the predicted hadronic Z width would reduce the extracted value of the strong coupling constant, α 3 (M Z ), as suggested by its low energy determinations [2, 3] .
In both cases these desired features are specific of the small tan β region. Even if a definitive numerical calculation is still lacking, with a moderate amount of mixing between thet L andt R states, the lightest stopt can probably be sufficiently light and righthanded so that to solve both problems at the same time without requiring a too large negative value of the stop soft term m 2 tR > ∼ − m 2 t that would give rise to charge and color breaking minima of dangerous kind [4] .
2 It is well known that since the higgs doublet that gives mass to up-quarks, h u , is the smallest multiplet involved in the Yukawa coupling of the top quark, its soft mass term, m 2 h u , is easily driven to be negative by renormalization effects. For universal soft terms at the unification scale this happens in all the parameter space. We will study in which regions of the parameter space this happens also for the soft mass , of the second smallest multiplet involved in the top-quark Yukawa coupling, the right-handed stop. We will see that requiring to get a light stop in the ordinary successful scenario for the radiative breaking of the electroweak gauge symmetry, implies, among the other things, the presence of a very light chargino in the spectrum and gives strongly favored values for the gluino mass, for the heavy stop mass and for the left/right mixing angle in the stop sector.
The most important new feature regards naturalness bounds [5] : since we now want to fix two different combinations of soft terms to be around at the Z scale, the presence of heavy supersymmetric particles (around at 1 TeV) in the spectrum requires now strongly unnatural fine-tuning of the various relevant parameters.
We only assume that the gaugino masses satisfy GUT-like relations and that the soft terms are pointlike operators up to the unification scale, as happens, for example, if they are mediated by supergravity couplings [6] * . In this case, near the infrared fixed point of the top quark Yukawa coupling and for moderate values of tan β, the Z-boson mass is obtained, from the MSSM minimization conditions, as a sum of different terms
where M 2 is the SU(2) L gaugino mass parameter and µ is the 'µ term', both renormalized at the weak scale, while m 2 0 is a typical scalar mass squared at the unification scale. We will consider unnatural a situation where the single contributions to M . In ordinary situations, and near the infrared fixed-point of the top quark Yukawa coupling, this simplified definition does not differ from other reasonable and more sophisticated choices [5] that consider the stability of M 2 Z with respect to variations of a set of parameters chosen as the 'fundamental' ones. For this reason we will continue to employ the term 'fine tuning' in our discussion of the naturalness bounds. In particular, since the right handed term of eq. (1) 
Now we also want to obtain a light right-handed stop. Since m 2 tR is obtained as
For this reason, imposing a naturalness bound on the total 'fine tuning', ∆ = ∆ ′ ∆ ′′ < ∆ lim , gives rise to an upper bound on the sparticle masses that is stronger and less dependent on the personal choice of the maximum tolerated 'fine tuning', 1/∆ lim . In particular a significant bound on M 2 is obtained:
This means that a very light chargino is consequence of requiring a light stop. More generally, interesting * We will see that in the opposite case [7] it is difficult to obtain a light right-handed stop. . On the contrary the µ-term -and consequently the masses of charged and pseudoscalar Higgs fields -are less strongly constrained † . A numerical analysis is of course necessary to clarify the strength of these double 'fine-tuning' bounds.
3 Let us now consider these issues in a more quantitative way. We parameterize the relevant boundary condition at the unification scale as
where x and y are unknown numbers. Even if we will keep them arbitrary, we reasonably expect that y ≈ 1 in a unified model. In fact, unless the chiral families mix with extra vector-like states at the unification scale in such a way thatQ 3 is not unified witht R , the equality between their GUT-scale soft masses, mQ 3 and mt R , can only be broken by (small) GUT threshold corrections. On the contrary there is no reason for imposing x = 1, because, even if were justifiable at the Planck scale, this choice would be spoiled by (unknown) GUT renormalization effects † Here we are considering the µ term as an independent parameter, even if we expect that in a natural theory µ vanishes in the supersymmetric limit. In unified models with this property, µ can naturally be obtained as a model-dependent linear combination of the dimension-one soft terms [8] . The parameters at the electroweak scale are obtained as [9] 
where X t ≡ m 2 , where λ max tZ ≈ 1.14 is the maximum value that λ t (M Z ) can reach without developing a Landau pole below the unification scale. Note that ρ ≈ 1 near the infrared fixed point for λ t , so that the dependence of the scalar masses on A tG is negligible. Note also that the gaugino contribution to the soft masses does not depend on the unknown boundary condition for the scalar masses. This shows that the fine-tuning constraints on M 2 are not model-dependent.
Requiring that thet R and h u soft mass 2 terms be negative give rise to the restrictions on the parameter space shown in figure 1. Let us explain its features in a qualitative way. Above the upper lines (at big x) m 2 tR is so big that cannot be driven to be negative by the λ t effect in the renormalization group equations (RGEs). Below the lower lines (at small x) the same happens for m 2 h u , preventing the breaking of the electroweak gauge group. As shown in fig. 1 , for moderate values of y the two bounds are compatible only in a restricted range of x, 0.5 < ∼ x < ∼ 0.9, and for small values of M 2 < ∼ m 10 /4, where M 2 is renormalized at the electroweak scale. This particular restriction on the parameter space also suggests the presence of a light chargino. Note also that with universal soft terms it is not possible to get a sufficiently light right-handed stop, at least unless A tG is very large.
We now plot, in figure 2 , the values of the lightest chargino mass as function of the required fine-tuning, as defined previously, for arbitrary random possible values of the various parameters λ t , tan β, µ, m 10 , M 2 , A tG , x and with y in the range 0.5 ÷ 1.5. We see that a lightest chargino not very light, M χ > ∼ M Z , is possible only with a considerable amount of fine tuning, beyond the % level and that it is impossible to require a fine tuning weaker than the 10% level, as done in [5] , without contradicting the experimental lower bound on the chargino mass. Since the lightest chargino is very light, finite one loop quantum corrections that we have not included can increase its mass by (3 ÷ 10)% [10] .
We now discuss the stop sector, finding a nice consistency of the various bounds. The solution of the RGE for A t is [9] A t = (1 − ρ)A tG + (4.9 − 2.8ρ)M 2 so that A t ∼ (1 ÷ 3.5)M 2 near the infrared fixed point for the top Yukawa coupling ‡ . This is a welcome restriction. In fact A t cannot be too large, both because the condition
must be satisfied to avoid a too fast decay of the SMlike minimum into charge and color breaking minima [4] , and both in order that the lightest eigenstate of the stop mass matrix
). We now plot in figure 3 , again for random samples of the free parameters and near the infrared fixed point of the top quark Yukawa coupling, the possible values of the gluino mass and of the heaviest stop mass, distinguishing the cases of moderate fine tuning, ∆ < 100, (big green dots), strong fine tuning, 100 < ∆ < 1000, (medium orange dots) and very strong fine tuning, ∆ > 1000, (small red dots). We have imposed the experimental lower bounds on the masses of the supersymmetric particles, and in particular the bound on the chargino mass, M χ > 65 GeV. Since A t is small and positive (due to its correlation with M 2 ), while µ has most likely the opposite sign (see fig. 2 ), and for the values of the heaviest stop mass suggested in figure 3 , the left/right mixing angle θt in the stop sector is small, |θt| < ∼ 0.3. It is interesting that this is the appropriate amount of mixing necessary to get a sufficiently light and right-handed stop state, mt < ∼ 100 GeV, without encountering problems with dangerous unphysical minima [1, 4] or with undesired radiative corrections [2] . In conclusion, we summarize the naturalness bounds on M 3 and MT as
Finally, the dependence of M 1/2 , has been computed in ref. [12] . Adding the requirement of a light stop it becomes X Y < ∼ TeV(100/∆ lim ) 1/4 .
4 It is also possible that, differently from what we have assumed so far, the soft terms appear as pointlike terms only up to some energy M U below the unification scale. For example supersymmetry breaking could be directly felt by appropriate gauge charged 'transmitter' fields with mass ∼ M U below or around the gauge-unification scale [7] . If this is the case unification physics would not be reflected in the soft terms, and minimal models of this kind agree on the predictions
where c We must however remind that in such models it is difficult to understand the origin of the supersymmetric µ-term, so that some important amount of non-minimality (for example in the messenger field content [13] or in the light fields [14] ) could play a decisive role.
